INTRODUCTION
The use of low temperatures helps in increasing the post-harvest storage life and is the basis for complementary methods of preserving fruit, such as controlling or modifying the atmosphere and use of edible films (Santos et al., 2007) . There are a number of studies on the use of biodegradable coatings associated with cold storage (Tanada-Palmu & Grosso, 2005; Park, 2005) .
Coatings or coverings control the loss of flavour volatiles, besides regulating the gas exchange with the external environment and water losses (Chitarra & Chitarra, 2005) . Coatings produced from biopolymers have numerous advantages, including being biodegradable while having good mechanical and barrier properties, and helping to improve the appearance and preserve the gustatory and nutritional properties of foods (Villadiego et al., 2005) .
Chitosan coating has the potential to prolong storage life and control fruit rots because of its ability to modify the internal atmosphere in tissues and its fungistatic activity, as well as the ability to induce defense mechanisms in plants and fruits against infections caused by a variety of pathogens . Several positive effects were obtained with its application to postharvest preservation of strawberry (Han et al., 2005; Hernández-Muñoz et al., 2006) . In addition, chitosan has excellent biocompatibility/biodegradability, is non toxic and absorbs water (Chiandotti, 2005) . The coating produced with cassava starch has good appearance, is bright and transparent, non-toxic and has low cost. Its application to strawberries resulted in decreased mass losses, preservation of texture and longer shelf-life (Henrique & Cereda, 1999) .
The high perishability and high susceptibility to fungal diseases of strawberries point towards the importance of using bioactive substances, such as chitosan, to control postharvest diseases, while their association with cassava starch is a contribution to maintaining the quality of the organic product. The search for clean technologies reflects the concerns facing the global food security and environmental preservation.
Strawberry fruits must be of a high microbiological quality in order to ensure that the consumer does not receive spoilt or disease-carrying fruits. The presence of microorganisms such as mesophilic (grow best at room temperature) and psychrophilic (grow best at low temperatures) bacteria, yeasts and molds, which besides reducing the fruit's shelf life, can transmit pathogens, posing a risk to consumer health (Cenci et al., 2007 , Carvalho et al., 2005 . Botrytis cinerea, Colletotrichum spp. and Rhizopus sp. are the microorganisms that most commonly attack strawberries (Hilarino, 2009 ). The strawberry fruit rot (grey mould) caused by Botrytis cinerea develops in any part of the fruit, but is mostly found on the calyx end or on the sides of fruit in contact with other rotten fruit. Anthracnose (black spot), caused by Colletotrichum spp., develops spots that turn dark brown or black and affects most parts of the plant, causing severe losses in production and quality of strawberry. Rhizopus sp. fruit rot is associated with the presence of wounds in the fruit, but may also occur in intact fruit (Ulli & Macarthur, 2004) .
Therefore, this study aimed to evaluate the postharvest quality of organic strawberries, cv. Camarosa, coated either with chitosan, cassava starch or with a combination of chitosan and cassava starch during storage in plastic hinged boxes.
MATERIAL AND METHODS
Strawberry (Fragaria x ananassa Duch.) fruits, cv. Camarosa, produced in the organic system in Maringá, PR, Brazil, and certified by the Biodynamics Institute, with 75% of the surface red in color, were used in the experiment. The chitosan used for coating had a degree of deacetylation of 98.18%.
The experiment was arranged in a completely randomized design and consisted of 4 coatings x 4 storage times (0, 3, 6 and 9 days), with six replicates. The experimental unit consisted of ten fruits packed per crystal clear (PET -polyethylene terephthalate) hinged box. The parameters evaluated were: mass loss, color development and damage caused by mold or decay.
A total of 20 fruits packed in each hinged plastic box and stored were used in the other analyses. For the chemical analysis, six fruits were disintegrated in a mixer for two minutes, with three replicates per coating. The analyses were repeated twice for each storage time.
After selecting the size, color, shape, degree of maturity and phytosanitary condition, the fruits received the following coatings: a) 2% cassava starch (CS); b) 1% chitosan dissolved in solution of 0.6% ascorbic acid (AAC); c) CS + AAC (CS+AAC) and d) control without coating (CTL).
The coating produced from cassava starch, at a concentration of 2%, was obtained by stirring the suspension of starch in distilled water under heating, for about 30 minutes at 70 °C (CS).
The coating produced from chitosan was obtained by dissolving 20 g in 2 L of solution acidified with 0.6% ascorbic acid, by manual stirring for solubilization (AAC).
Both suspensions CS and AAC were mixed together to obtain the treatment of combined coatings (CS+AAC).
The three coating solutions were homogenized in a 4 L beaker with a mixer for two minutes prior to the immersion Rev. Ceres, Viçosa, v. 58, n.5, p. 554-560, set/out, 2011 of 250 fruits per each coating. The fruits remained in these solutions for one minute, giving a slight stir on the surface, and were placed on a nylon mesh screen to drain excess liquid. They were left to dry at room temperature for about three hours, then stored in a BOD chamber at 10 °C until they remained fit for marketing. Evaluations of mass loss and physical, chemical and sensory analyses were carried out every three days.
Physical analysis
Mass loss -the experimental units (fruits) were individually weighed in a semi-analytical scale and calculations were performed for each repetition using the equation: mass loss (g/100g) = (initial mass -final mass/ initial mass) /100.
Color -using the subjective scores from 1 to 4: grade 1 -75% of fruit surface was red in color; grade 2 -75 to 95% of fruit surface was red; grade 3 -more than 95% of fruit surface was red; and grade 4 -100% of fruit surface was intense red. The average of each plot was calculated by multiplying the number of fruits by their respective grade and dividing the sum of this value by the total number of fruits of the plot.
Incidence of rot -was obtained by counting (and then discarding) the fruits with visible symptoms of rot and expressing it as percentage. On the last day of storage the discarded fruits were separated by symptoms of rot caused by different pathogens.
Chemical analysis
Total soluble solids (TSS) -were determined by using a refractometer, then expressed in °Brix and corrected when the room temperature was above 20 °C and acidity content of the fruit was above 1% (Carvalho et al ., 1990) .
Total titrable acidity (TTA) -was determined by titration with standardized NaOH 100 mmol.L -1 , using 10 g of sample diluted in 100 mL of distilled water and expressed in g citric acid.100 g -1 of pulp (Carvalho et al., 1990) .
Ascorbic acid -was determined by titration, by the reduction of 2,6-dichlorophenol-indophenol-sodium, standardized with ascorbic acid and expressed in mg ascorbic acid.100g -1 of pulp (Carvalho et al., 1990) .
Sensory analysis
After eight days of storage, healthy fruits were chopped and used for the analysis of aroma, texture and flavor. For evaluation of the overall appearance, eight fruits per coating treatment were kept intact. The 9-point hedonic scale ranged from like extremely (score 9) to dislike extremely (score 1), carried out by a group of 38 untrained tasters to indicate a preference among the fruits, as described by Miller (2005) .
Microbiological analysis
Counts of mesophilic and psychrophilic bacteria and yeasts and molds were performed using 25 g of strawberries disintegrated for each analysis and inoculated in serial dilutions (10 -1 , 10 -2 and 10 -3 ) with duplicate plate counts for each dilution, following the methodology of FDA/AOAC (1995).
Statistical analysis
Data were analyzed by the analysis of variance (ANOVA) and means of each variable tested were compared by the Scott-Knot test at 5% probability level, according to Ramalho et al. (2000) , using the software SISVAR (University of Lavras , MG, Brazil).
RESULTS AND DISCUSSION
Fruit mass loss was significant among the treatments over the periods of three, six and nine days. Throughout the storage period, the treatment 2% cassava starch with 1% chitosan (CS+AAC) resulted in the lowest fruit mass loss, reaching 6.13% at nine days, and was significantly different from the other treatments and the control, which ranged between 8.45 and 9.40% (Table 1 ). The maximum acceptable mass loss for strawberries is 6%, to prevent depreciation in the fruit external appearance (Cantillana, 2003) .
The barrier to water loss imparted by the plastic boxes, without ventilation holes, in association with the lower post-harvest handling of fruits of the control treatment provided mass loss similar to that found in the treatments with cassava starch (CS) and chitosan (AAC). Hernández-Muñoz et al. (2006) found that 1.5% chitosan dissolved in 0.5% acetic acid used as coating for strawberries cv. Camarosa, at 20 °C for four days, resulted in lower fruit mass loss. But in this study, the use of 1% chitosan did not provide good results (Table 1) , possibly because of the lower concentration used and the type of acid used for dissolving it.
The average grade for the initial fruit color, after setting up the experiment, was close to 3, which shows the rapid advancement of red color development of grade-1 fruits (75% fruit surface red) ( Table 1) . At three days of storage, the mean ratings for color of fruits showed no significant differences among the coating treatments. At the end of nine days, the fruits from the control showed a mean rating of fruit color of 3.60, which was significantly higher than those of the treatments CS, AAC and CS+AAC, with ratings between 3.36 and 3.21. Color preservation by chitosan was also reported by Hernández-Muñoz et al. (2006) in strawberries cv. Camarosa and by Scanavaca Junior (2007) in mango cv. Surpresa coated with cassava starch. However, Ribeiro et al. (2007) found no significant differences for color development between coated and uncoated strawberry fruits using different compositions of starch, carrageenan and chitosan, as well as Del-Valle et al. (2005) using cactus mucilage.
The incidence of fruit rot started on day 3 of cold storage, in the treatments AAC and CS+AAC ( Figure 1A) . The diseases that appeared on the fruits were anthracnose (black spot) (Colletotrichum sp.) and Rhizopus fruit rot (Rhizopus sp.), which are among the major fruit rot of strawberries (Costa et al., 2003) .
The incidence of fruit rot on day 9 of cold storage was significantly higher in fruits coated with cassava starch, approximately 65%, while the other coatings were around 50% ( Figure 1B) . The lower incidence of post-harvest diseases on CTL fruits is probably because they have not been washed, while the increased moisture in the coated fruits may have favored the spread of anthracnose and Rhizopus rot during storage. But, the advance of the anthracnose fungus growth was delayed by the use of coatings, as the number of spots with spores decreased in relation to the control ( Figure 1B) . The marked reduction in decay of strawberries coated with chitosan reported by Reddy et al. (2000) and Hernández-Muñoz et al. (2006) , and at pre-harvest by Mazaro et al. (2008) , was not found in this study. However, the grey mould (Botrytis cinerea), which was the main rot controlled by the chitosan coating, as verified by these authors, did not occur in this experiment.
There was no significant difference for the content of total soluble solids (TSS) throughout the refrigerated storage of strawberry fruits, ranging from 6.85 °Brix (CTL) to 7.80 °Brix (CS+AAC), with initial content of 7.46 °Brix (Figure 2A ) . Accordingly, Malgarim et al. (2006a) reported mean initial content of 7.35 °Brix in fruits of cv. Camarosa, with variations in content values having no relation with the treatments or storage periods. The total titratable acidity (TTA) of fresh fruit was 1.03 g citric acid.100 g -1 of pulp, which was significantly different from the measurements at day 9 of storage: 1.22 for CS+AAC and CTL and 1.24 g citric acid.100 g -1 of pulp for AAC, which were significantly different from CS, with 1.27 g citric acid.100 g -1 of pulp ( Figure 2B ). These results are in agreement with those previously reported by Campos et al. (2009) , with increased acidity in organic strawberries 'Camarosa' coated with cassava starch.
In general, the content of organic acids decreases with fruit ripening, as they are used as respiratory substrate or are converted into sugars (Chitarra & Chitarra, 2005) . Moreover, phenolic compounds also have acidic character and may somehow contribute to the acidity in the pulp. Increased acidity can also be related to the release of galacturonic acids, which accelerate fruit ripening by the action of the enzymes pectinmethylesterase and polygalacturonase (Arriola et al., 1980) . Malgarim et al. (2006a) reported TTA of 0.6 g citric acid.100 g -1 of pulp on fresh strawberries cv. Camarosa; as discussed by the authors, this lower acidity may be due to different conditions of cultivation as well as soil and climate characteristics.
The initial mean content of vitamin C in the fruits was 44.05 mg of ascorbic acid.100 g -1 of pulp. But, over the period of cold storage, vitamin C reduced significantly in CTL fruits; remained the same in CS fruits and increased significantly in fruits coated with AAC and CS+AAC, reaching 49.49 and 57.35 mg 100 g -1 ascorbic acid., respectively ( Figure 2C ). The increase in vitamin C in the treatments coated with chitosan resulted from the addition of 0.6% ascorbic acid used for its solubilization. Reduction in the ascorbic acid content was also reported during storage of strawberry cv. Osogrande (Calegaro et al., 2002) , and in strawberries cv. Camarosa packed in polyethylene film (Malgarim et al., 2006b) .
In the sensory analysis, no differences were found for the attributes aroma, texture and flavor among the coating treatments, as indicated by the ratings close to 6 (like slightly) and 7 (like moderately) in the hedonic scale, after eight days of storage at 10 °C (Figure 3) . The invariability of sensory attributes in post-harvest strawberry was also reported by Santos et al. (2007) .
The appearance of the CTL fruits was graded with ratings below 5 (neither like nor dislike), whereas the treatments with coatings enhanced fruit appearance: CS+AAC was statistically different from the other treatments, resulting in mean ratings between 6 (like slightly) and 7 (like moderately). These results are in agreement with those reported by Han et al. (2005) , in which the appearance of fresh strawberries coated with chitosan-based edible coatings was rated at 6.36.
Fresh fruit had low initial microorganism counts, with marked growth during storage, especially of yeasts, which reached the highest counts in the CTL treatment (10 5 CFU/ g pulp). However, yeast counts were reduced by the treatments CS and CS+AAC, which also reduced counts of psychrophiles (Figure 4 ). Similar reduction in psychrophilic microorganisms and yeasts and molds were obtained by Mali & Grossmann (2003) in strawberries cv. Dover coated with yam starch-based films, and Campos et al. (2009) in strawberries cv. Camarosa coated with cassava starch associated with Copaiba oil. Coating with 1% chitosan reduced the growth rate of microorganisms in strawberries (Ribeiro et al., 2007) . Likewise, chitosan associated with potassium sorbate also controlled the growth of Rhizopus sp. and Cladosporium sp., as well as coliforms and aerobic microorganisms during cold storage (Park et al., 2005) . Chitosan films were also reported to inhibit the growth of fungi and yeasts in the area of contact, forming a halo of inhibition on the plates inoculated (Casariego, 2004) . These findings differ from the result obtained in this study with the use of chitosan alone, possibly because the concentration and type of acid used, and point toward the need for further investigation into the use of these coatings on the postharvest quality of organic strawberries. ; coating with 2% cassava starch (CS); 1% chitosan (AAC); 2% cassava starch + 1% chitosan (CS + AAC); at day 9 of storage at 10 ± 1 °C and 60 ± 5% RH.
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CONCLUSIONS
Coating with cassava starch in association with chitosan enhanced the postharvest conservation of coldstored strawberry, provided reductions in mass loss and counts of psychrophilic microorganisms and yeasts and molds, and improved the appearance of fruits at the end of nine days of cold storage.
